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1. Introduction 


Diet determination of free-living soil microarthropods is a difficult problem. Observation of 
feeding behavior in situ is impractical, although some observations have been obtained in 
rhizotrons. Rhizotrons, however, are expensive, observations obtained are highly serendipitous, 
and identification of the organisms involved is haphazard. Gut contents may be examined 
microscopically, but many soil animals feed on soft-bodied prey or the fluids of prey, which are 
unrecognizable in gut contents. Even undigested prey structural components, in those animals that 
ingest food particles, are very difficult to identify, and give no information about the status of the 
food (e.g. live or dead) at the time of consumption. Electrophoretic and immunological assays 
could be used to overcome these difficulties (GREENSTONE 1989), especially if directed towards 
the identification of a food of over-riding interest, e.g. an important root pest. However, these 
techniques would require a herculean expenditure of time, money, and mice to characterize even a 
small fraction of the potential feeding interactions available to a general predator or omnivore. 

Most of our knowledge concerning the feeding habits of soil nematodes, annelids, protozoa, 
and arthropods have been derived from laboratory observations. A major problem with laboratory 
studies results from their artificiality, especially in regard to the selection of soil organisms 
studied. For example, nematologists regularly obtain observations of feeding interactions from 
agar plates that provide an ideal environment for animals that live in a water film, but in which 
many soil arthropods become hopelessly mired. Conversely, observers of soil arthropods have 
tended to emphasize interactions among organisms that survive best in the aerial portions of soil 
pores, e.g. the higher fungi and certain arthropods. As a result, interactions among the inhabitants 
of these two coexisting aspects of the soil environment have barely been explored. 

In this paper we report on observations of the feeding behavior of two arthropods, Schwiebea 
rocketti WoopRING and Histiostoma bakeri HUGHES & JACKSON, that exists in both wet and dry 
soil pore spaces, obtained using an inverted microscope at high magnifications (200-400) 


2. Materials and methods 
2.1. Collections 


Five Citrus trees greater than 10 years in age infected with citrus nematode, Tylenchulus semipenetrans (Coss), 
were sampled within a randomly selected 10 by 10 tree samples block within each of 17 citrus groves located in 
Florida. Samples consisted of singie cores collected from 3 equidistant locations midway between the trunk and 
dripline of each tree, Prior to collecting each core, sand and detritus were removed with a shovel to expose fibrous 
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roots. Then, three 7-cm-diameter cores consisting of citrus fibrous roots and soil to a depth of 15—30 cm were taken 
and combined in a plastic bag. Shovel and corer were surface sterilized with 10% commercial bleach between trees. 
Samples were placed in an ice chest and transported to the laboratory in Orlando, FL where they were processed the 
same or next day. 

Processing was designed to recover only those organisms associated with citrus fibrous roots. Citrus roots were 
removed from soil using a 1 cm grid sieve, rinsed in tap water, placed in 0.51 mason jars, sealed loosely and 
incubated at 25 °C (YounG, 1954). After 5—7 days, 40 ml of water was added to each jar, the jar was resealed and 
the contents shaken vigorously for 20 s. The contents were then decanted through a | mm opening sieve to remove 
coarse debris. The effluent from the screen was placed in 40 ml capacity centrifuge tubes and centrifuged at 175 g 
for 4 min, after which all except 1 ml of the supernatant was removed. The pellet was resuspended in the remaining 
1 ml and poured onto hardened water agar (4 ml of 1 %) in 9 cm diameter petri dishes which were incubated at 25°C. 

To test for possible mite contamination in the incubator, bait plates with fungi, yeast and nematodes were placed 
exposed in the incubator for one week. None were colonized by the mite. 

Voucher specimens are deposited in the U.S. National Museum of Natural History, Washington, D.C. and the 
Museum of Zoology, University of Michigan, Ann Arbor, MI. 


2.2. Feeding observations 


An inverted phase microscope (Nikon Diopter) at 200 or 400x was used to observe the feeding behavior of 
S. rocketti and H. bakeri through the bottom of the petri dishes. Individual S. rocketti were followed for periods 
ranging from 3 to 26 min (mean = 12.2 + 1.6, n = 23), and individual H. bakeri for periods ranging from 3 to 
13 min (mean = 6.3 + 0.9, n = 13), during which all feeding interactions were recorded. 

Other feeding observations were obtained from cultures established using mites from observation plates. To test 
for feeding and reproduction on fungi, corn meal agar (CMA) plates with a well developed pelt of fungus 
(Arthrobotrys oligospora FRESENIUS or Cladosporium sp.), and CMA alone were inoculated with S. rocketti and 
their attendant microflora. S. rocketti was also transferred to 1% water agar plates (WA), WA plates with a 
suspension of spores of A. oligospora, WA with autoclaved Lipton’s dried pea soup (PS medium) (BARRON, 1977), 
WA with PS medium inoculated with Rhabditis sp., ciliated protozoans, microbes, and the fungus Dactylella 
cionapaga DRECHSLER, and WA with burrowing nematodes (Tylenchida, Radopholus spp.). Burrowing nematodes 
were extracted from carrot disc cultures with macerating enzymes (KAPLAN & Davis, ms. in preparation). and 
Rhabditis sp. was grown in PS medium and extracted with Baermann funnels. 


3. Results 
3.1. Observations on root incubation plates 


The slurry of animals, microbes, sand, and decayed root fragments stimulated rapid bacterial 
growth; followed by large populations of a variety of sarcodine and ciliate protozoans and 
thabditid nematodes (primarily Rhabditis sp.). Outbreaks of nematode endoparasites and growth 
of nematode trapping fungi followed on plates with large nematode populations (including 
numerous citrus nematode juveniles and males). Endoparasitic fungi and protozoa declined as the 
plates dried over time, while growth of nematode trapping fungi increased. 

Populations of S. rockerti developed as the plates began drying (after c. | week), and were 
recovered from 21% of the plates incubated from 9 sites (53%) in Orange, St. Lucie, Polk, 
Hardee, Highlands, and Dade Counties in Florida. H. bakeri was recovered from 2 plates at a 
single site (Homestead, FL). Small, but actively growing and reproducing populations became 
established on those plates. Animals obtained directly from soil shaken from Citrus roots before 
incubation were used to supplement observations of H. bakeri at Homestead, and for S. rocketti at 
an additional site (Lake Alfred, FL). Other soil arthropods (oribatid, histiostomatid, rhizogly- 
phine, and mesostigmatic mites, and springtails) were only rarely recovered from root incubation 
plates. Protozoa, rhabditid nematodes, and citrus nematode were abundant on most plates. 
Enchytraeid worms were present on 13% of the plates. 

Over 4h (281 min) of feeding observations were obtained for 23 individual S. rockerti from 6 
of the sites, including 12 adult females (159 min), 9 nymphs (114 min), and 2 larvae (8 min; 
table 1). The most commonly observed feeding behavior was a generalized grazing of detritus and 
microbes. All individuals engaged in this behavior for most of the observation time with 2 
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Table 1. Diets of the astigmatic mites Schwiebea rocketti WoopriNG and Histiostoma bakeri HUGHES & JACKSON 
in slurries of rotting Citrus fibrous roots on water agar. 


Food type Percent feeding on 
S. rocketti H. bakeri 
Slurry (rotting roots 100 100 
+ microbes) 

Saprobic fungi 26 0 
Nematophagous fungi 30 0 
Parasitized nematodes 17 0 
Live nematodes 9 0 
Protozoa 22 8 


Observations were obtained using an inverted microscope at 200—400x for 23 S. rockerti (time = 281 min) and 13 
H. bakeri (time = 82 min). 


exceptions: inactive periods and time spent feeding on large food items. General grazing occurred 
in two modes: (1) Mites actively moving in a more or less straight line continually took in small 
organic particles by a constant alternate back and forth movement of the chelicerae. Mites would 
temporarily cease forward movement to ingest relatively large food items. (2) Mites maintained a 
stationary axis at midbody and swung their anteriors in a back and forth arc of c. 60 to 100° or 
spun a complete circle while grazing. Detrital and microbial material appeared to be drawn into 
the buccal opening by a suction force created by the movement of the chelicerae. The cheliceral 
digits often remained closed or only partially open while extended during general grazing (visible 
in lateral views). Alternatively, the movable digit could be gaped during the extrusion of the 
chelicera to grip food which was then drawn into the buccal area. 

Eleven S. rockerti from root incubation plates (48%) also attacked other soil animals. 
Protozoa were observed being captured by 5 mites (22%). Free swimming ciliates were captured 
by darting grabs of the chelicerae when they swam into range. Naked and testate amoebae where 
captured when randomly encountered by a grazing mite. Testate amoebae were either swallowed 
whole (by an adult female 450 um in length) or the chelicerae were used to remove the amoebal 
protoplasm from the test by a small nymph (250 um in length). Three mites ate several protozoans 
in succession. However, not all protozoans encountered by mites were eaten. In one instance, a 
mite exhibited escape behavior after encountering a large amoeba (95 um dia.) by rapidly backing 
away. As plates began to dry, mites became surrounded by a drop of adherent water in which 
protozoans often became trapped. The mites seemed unaware of these protozoans, and in some 
cases testate amoebae attached to mite legs. 

Six S. rocketti from root incubation plates (26%) and an additional specimen collected directly 
from Citrus roots (Lake Alfred, FL) attacked and fed on nematodes, but 9 of the 12 nematodes fed 
on were dead when attacked. Dead nematodes eaten by S. rocketti were infected by the 
endoparasitic fungi, Harposporium anguillulae LOHDE and Catenaria anguillulae SOROKINE, or 
the hyphae of nematode trapping fungi. Nine S. rocketti fed on fungal hyphae and spores not 
contained within the bodies of dead nematodes, including a variety of saprobic fungi. However, 
four of these individuals consumed large amounts of the nematode trapping fungus, Arthrobotrys 
oligospora Fresenius. Mites feeding in a general grazing mode that encountered hyphae of A. 
oligospora would take a hypha into the chelicera, bite it in two, and then ingest one of the strands. 
As traps (adhesive networks) were encountered along the strand, they were ingested. Trapped 
nematodes that had been invaded by hyphae were eaten along with the traps. In one instance, a 
nematode recently trapped on an adhesive network was partially ingested by a mite, and then 
regurgitated after the fungal material had been removed. It appeared as though the mite was 
unable to pierce the nematode cuticle with its chelicerae. Conidia and conidiophores of A. 
oligospora were also eaten. Another female mite was observed grazing on the hyphae of A. 
dactyloides DRECHSLER, but did not ingest the constricting ring traps. 
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All 13 individuals of H. bakeri spent the observed time (82 min) in a generalized grazing of 
detritus and microbes. The chelicerae of H. bakeri are slender and elongate, and are used to sweep 
fine particulate organic matter into the buccal opening, as has been reported for other histiostoma- 
tid mites (HUGHES, 1953). The size of the buccal opening (c. 5 um) appeared to limit the size of 
material ingested. Fungal hyphae was often encountered by grazing mites, but never fed on. Most 
fungal spores and soil animals encountered were too large to be accommodated by the buccal 
opening. One individual H. bakeri appeared to ingest very small amoebae along with the organic 
slurry. 

At least one nematode trapping fungus, Dactylella cionapaga DRECHSLER, is able to trap and 
invade both S. rocketti and H. bakeri. D. cionapaga produces short adhesive hyphae that 
anastomose into a ladder or network-like arrangement on older strands. On one plate from the 
Homestead collection that contained both mite species, H. bakeri was rapidly eliminated by 
D. cionapaga, but S. rocketti suffered little mortality. 


3.2. Feeding and reproduction in culture 


Mixed cultures of D. cionapaga, Rhabditis sp., and microbes (predominantly ciliate protozo- 
ans and bacteria) were successfully colonized by S. rocketti. Nematodes, and the larvae and 
protonymphs of the mite were trapped and infected by the fungus, and supported extensive growth 
of D. cionapaga initially. But larger instars of the mite were able to break the adhesive bond, and 
readily grazed the adhesive hyphae of the fungus. Within 2 weeks, most D. cionapaga had been 
removed from the plates by mite grazing, and nematode and protozoa populations were thriving. 
Within 4 weeks, mite hypopi, protozoan cysts, and chlamydospores of the fungus predominated 
on the plates. Low levels of mite larvae and protonymphs, which presumably had not be able to 
obtain enough nutrition to form the hypopal stage, and active ciliates were also present, but 
nematodes had been eliminated. 

S. rocketti successfully produced cultures when reared on the nematode trapping fungus 
A. oligospora and on the decomposer fungus Cladosporium sp. Both fungi were eliminated from 
the surface of the plates by grazing mites. Mites were able to burrow into the agar to feed on the 
fungi, but 130 days after introduction of the mites, hyphal fragments of both fungi, and numerous 
chlamydospores of A. oligospora, were present in the agar layer. Large populations of the mite 
developed on each plate, and as the fungal or nematode resource was exhausted heteromorphic 
deutonymphs (hypopi) were produced. The hypopi do not feed (mouthparts are vestigial), but 
actively move around the plates. Hypopi were also produced on old root incubation plates. 

Neither S. rocketti nor A. oligospora grew on WA alone, but a large population of the mite 
was established on the WA plate with burrowing nematodes. Burrowing nematodes were 
eliminated from the plates, and at least some of the nematodes were observed being eaten alive. 
When transferred to CMA plates, S. rocketti produced an active culture on one plate by feeding on 
the resulting microbial growth. No reproduction was observed on the second plate. Dried pea soup 
on a WA base proved an excellent medium for culturing large numbers of both species of mites. 


4. Discussion 


The feeding behaviors of soil organisms are rarely amenable to simple trophic classification 
(WALTER et al., 1986). For example, Naiadacarus arboricola FasHING, an acarid mite found in 
water-filled treeholes, is a primary grazer on dead leaf material. N. arboricola also can be reared 
on fungi, and as in most other “detritivores” also obtains nutrition from the microbes that have 
colonized dead leaf surfaces (FASHING, 1975). Similarly, H. bakeri also acts as a primary and 
secondary grazer by filter feeding on fine organic matter and its associated microbes. S. rocketti, 
however, is broadly omnivorous, attacking a variety of detrital, microbial, and animal prey, and 
hence could be considered anything from a primary grazer to an intermediate predator. 

Most soil studies assign astigmati¢ mites to the fungivore category. The term “fungivore” 
compresses an accordion of trophic levels into a single term. Mycophagous soil arthropods are 


284 Pedobiologia 34 (1990) 5 


generally assumed to reside at the third trophic level in detrital food webs, i.e. to obtain most of 
their resources from decomposer fungi, or, as recent research has indicated, from plant pathogenic 
fungi (CuRL, 1988). By feeding on nematophagous fungi, S. rocketti acts as a hyperparasite 
feeding at the fourth or fifth trophic level (depending on the trophic level of the infected 
nematode) in the Citrus rhizosphere food web. Since soil arthropods may be important factors in 
the disappearance of fungal propagules (GOCHENAUR, 1987; CuRL, 1988), “fungivores” such as 
S. rocketti may partially explain the generally dismal record of field tests of nematode-destroying 
fungi (STIRLING, 1988). 

Citrus rootlets made susceptible to microbial degradation by phytonematodes probably 
provide an ideal habitat for such omnivores. Soil-inhabiting E ties such as S. rocketti 
are characteristic of accumulations of rotting organic matter (O'CONNOR, 1984), and parasitized 
Citrus roots are often filled with mite droppings (DUCHARME, 1957). The S. rocketti recovered in 
this experiment appear to have been derived from resistant stages (probably eggs and/or hypopi) 
on or in Citrus roots infected with Citrus nematode. 

WooprinG (1969) noted that S. rockerti could persist indefinitely in “soupy environments” 
where it could swim through its food. Being active in water films offers this mite the opportunity 
of feeding on the most abundant group of soil fauna, the Protozoa. Protozoa are an important food 
resource for some diplogasterid and rhabditid nematodes (ELLIOTT et al., 1980; SMALL, 1987), 
annelids (MILES, 1963; PIEARCE & PHILIPS, 1980), some fungi (DRECHSLER, 1948), and 
predatory protozoans (PRATT & Cairns, 1985). S. rocketti is also able to feed and reproduce in 
dry habitats, and thus can act as a link between water-filled and dry pore spaces in the soil. 

These observations would not have been possible without the high magnifications made 
possible by use of the inverted microscope, an instrument that can be extremely useful in soil 
biology (WRIGHT, 1988). 
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Synopsis: Original scientific paper 
WALTER, D. E., & D. T. KAPLAN, 1990. Feeding observations on two astigmatic mites, Schwiebea rocketti 
(Acaridae) and Histiostoma bakeri (Histiostomatidae) associated with Citrus feeder roots. Pedobiologia 34, 
281—286. 

An inverted phase contrast microscope was used to observe the feeding behavior of the mites Schwiebea rocketti 
WoopRinG and Histiostoma bakeri HUGHES & JACKSON when presented with an array of naturally occurring foods 
recovered from incubations of citrus fibrous roots from Florida. S. rocketti is an omnivorous grazer on decaying root 
material, decomposer fungi, nematode-destroying fungi, and small soil invertebrates including nematodes and 
protozoa. Naked and testate amoebae, as well as ciliates were eaten. This is the first report of a soil mite attacking 
protozoa. Dead nematodes infected with endoparasitic fungi were eaten. Hyphae, traps, trapped nematodes, 
conidiophores, and conidia of nematode-trapping fungi were eaten. Live nematodes were only rarely observed being 
eaten. In contrast, H. bakeri fed primarily on decaying root material. 

S. rocketti was successfully cultured on the nematode-trapping fungus Arthrobotryos oligospora FRESENIUS, 
decomposer fungus, Cladosporium sp., on a phytonematode, Radopholus citrophilus HUETTEL et al., and using a 
commercial preparation of pea soup inoculated with microbes. The nematode-trapping fungus Dactylella cionapaga 
DRECHSLER was able to trap and infect both species of mites, however, hyphae of the fungus was eliminated from 
culture plates by grazing by S. rocketti. 

Key words: Acari, Schwiebea rocketti WoopRING, Acaridae, Histiostoma bakeri HUGHES et JACKSON, Histiosto- 
matidae, Citrus, feeder roots, feeding behaviour. 


Address of the corresponding author: Dr. Davip Evans WALTER, Horticultural Research Laboratory, 2120 
Camden Road, Orlando, FL - 32803, U.S.A. 


286 Pedobiologia 34 (1990) 5 


